Transcriptional factors (TFs) and many of their target genes are involved in gene regulation at the level of transcription. To decipher gene regulatory networks (GRNs) we require a comprehensive and accurate knowledge of transcriptional regulatory elements. TRED (http://rulai.cshl.edu/TRED) was designed as a resource for gene regulation and function studies. It collects mammalian cis-and trans-regulatory elements together with experimental evidence. All the regulatory elements were mapped on to the assembled genomes. In this new release, we included a total of 36 TF families involved in cancer. Accordingly, the number of target promoters and genes for TF families has increased dramatically. There are 11 660 target genes (7479 in human, 2691 in mouse and 1490 in rat) and 14 908 target promoters (10 225 in human, 2985 in mouse and 1698 in rat). Additionally, we constructed GRNs for each TF family by connecting the TF-target gene pairs. Such interaction data between TFs and their target genes will assist detailed functional studies and help to obtain a panoramic view of the GRNs for cancer research.
ABSTRACT
Transcriptional factors (TFs) and many of their target genes are involved in gene regulation at the level of transcription. To decipher gene regulatory networks (GRNs) we require a comprehensive and accurate knowledge of transcriptional regulatory elements. TRED (http://rulai.cshl.edu/TRED) was designed as a resource for gene regulation and function studies. It collects mammalian cis-and trans-regulatory elements together with experimental evidence. All the regulatory elements were mapped on to the assembled genomes. In this new release, we included a total of 36 TF families involved in cancer. Accordingly, the number of target promoters and genes for TF families has increased dramatically. There are 11 660 target genes (7479 in human, 2691 in mouse and 1490 in rat) and 14 908 target promoters (10 225 in human, 2985 in mouse and 1698 in rat). Additionally, we constructed GRNs for each TF family by connecting the TF-target gene pairs. Such interaction data between TFs and their target genes will assist detailed functional studies and help to obtain a panoramic view of the GRNs for cancer research.
OVERVIEW TRED was originally designed as a resource for studies on gene function and regulation. It provides cis-elements, such as promoters and binding motifs, and trans-elements, such as transcriptional factors (TFs). The promoters of target genes came from two sources: experimental determination and sequence-based computational prediction. These two sources complement each other. In TRED, hand curation was applied as a crucial part of the data collection to ensure data accuracy. Based on the reliability of the supporting evidence for each promoter, a quality level was assigned.
One key feature of TRED is the easy access to interaction data between TFs and the promoters of their target genes, including binding motifs reported by the previous studies. Although part of the data was obtained from the existing gene regulation resources, most of the data came from our exhaustive literature curation. The TF-binding motifs were mapped on to the promoter sequences of their target genes. Along with the binding motifs, the experimental evidence and other important pertinent information were also collected. A binding quality level was assigned based on definitiveness of the binding evidence, which was determined by the experimental approaches employed to demonstrate the binding and data interpretation from experts. For example, we assigned 'known' as the binding quality level to a binding that has been proved by gel-shift competition, DNase I footprinting, etc.
In order to provide users with more complete information of the genes, cross-references to other well-known database such as PubMed, GenBank, GeneCards (1) and TRANSFAC (2) were established in TRED. A comprehensive description of the content and the structure of TRED has been published earlier (3) . In addition, many on-the-fly tools were implemented for the analysis of sequences retrieved from TRED as well as imported from other resources. The user interface and software functionality were also described in the previous report (3).
RECENT DEVELOPMENTS

New entries
Upon the emergence of high-throughput technologies, a huge amount of large-scale gene expression and regulation profiling data have been made available by microarray and chromatin immunoprecipitation (chip-ChIP) studies. To uncover GRNs among the identified genes would require the knowledge of their promoter sequences. We used our promoter prediction program FirstEF (4) to predict promoters in the genomes of human, mouse and rat. These promoters were then combined with the known promoters extracted from EPD (5), DBTSS (6), GenBank, etc and were deposited in our database CSHLmpd (7). It should be noted that CSHLmpd also contains genes without any promoter. In this version, the number of genes with promoter(s) in each genome assembly is lower than that of the previous version after removal of the redundancy. However, the number of known promoters and their related genes are close in both versions. There are more promoters than genes in each species due to alternative transcription start sites in many genes (7). Table 1 gives the statistics of promoters and genes in each quality category.
The human genome codes for 1850 TFs, which account for 6.0% of its estimated total number of genes (8) . It is a daunting task to collect and curate comprehensive and precise interaction data between the TFs and their target genes. Since cancer is one of the greatest threats to human health and has been a field under extensive study, including a broad interest in understanding cell cycle regulatory networks, we started out by focusing on target genes of cancer-related TFs. Previously, TRED contained mainly the target genes and promoters for TF families E2F and Myc (3). In this new release, we expanded it to 34 new TF families that have been implicated in cancer pathways, including p53, AP1, ER and NFkB/Rel. They are involved in many cellular processes, such as proliferation, differentiation, cell motility and apoptosis. There are totally 9308 newly collected target genes (5365 in human, 2526 in mouse and 1417 in rat) and 10 251 target promoters (5956 in human, 2736 in mouse and 1559 in rat) for these TF families. The detailed distribution of the target promoters and the target genes is listed in Table 2 .
Although TRANSFAC also provides factor-site interaction data, it contains less information for the TFs and their target genes available in TRED. Its latest version (version 7.0) has collected 1040 factors and 608 genes for human and 765 factors and 417 genes for mouse (2) . Therefore, on average each factor has less than one target gene. In contrast, the number of target genes per TF in TRED is much higher. For example, there are >200 target genes on average for each TF family for human in TRED (Table 2 ). This can provide fairly resolved gene regulatory networks (GRNs) for the 36 TF families involved in cancer pathways. In addition to this, TRED contains relatively complete genome-wide promoter annotation for human, mouse and rat. Moreover, the binding sites in TRED were also mapped on to the assembled chromosomes. These absolute genomic positions make it ready to associate TRED with other genomic data for various studies. However, it should be noted that TRANSFAC also collects factor-site interaction data of species other than human, mouse and rat. Therefore, although TRED and TRANSFAC overlap to certain extent, they complement each other at some aspects.
Other development
The accurate and comprehensive knowledge of transcriptional regulatory elements in TRED allows one to construct the GRNs for a given TF family by bringing all TF-target gene pairs together. In our initial analysis, we found that some TFs are the target genes of other TFs and often more than one TFs control the expression of the same gene. Furthermore, some target genes affect the expression or stability of TFs by feedback loop. As an example, Figure 1 shows a simplified GRN for TF family GLI (glioma-associated oncogene homolog). For the TF families with hundreds of target genes, such as AP1, CEBP and ETS, they would form more complex networks. There are cross talks between the Promoter qualities are ranked from high to low: 1, known, curated promoters; 2, known, pipeline collected promoters; 3, predicted promoters with Refseq evidence and putative promoters taking 5 0 ends of Refseq as TSS; 4, predicted promoters with mRNA (other than Refseq and EST) evidence; 5, predicted promoters with EST evidence; 6, predicted promoters supported only by gene prediction. Promoters included in a higher ranking are automatically excluded from the lower ranking categories. networks of different TF families through the same target genes or through direct interactions between the members of different TF families. The experimental evidence for each interaction between a TF and its target gene is available through the references provided in TRED. This is an advantage over other networks computationally predicted from expression and/or phylogenetic profiles. In this release, GRNs for the TF families have been generated from the collected interaction data and statically stored in TRED. The dynamic links to GRNs will be provided in the query result in the future. Taken together, TRED can facilitate to decipher the GRNs and help researchers to better understand the gene regulatory mechanisms.
DATA ACCESS
The website (http://rulai.cshl.edu/TRED) offers the following services: easy access to TRED entries through text-based query interface; search for the target genes of a given TF; retrieval of the promoter sequences and the TF-binding motifs; further analysis of the retrieved sequences of promoters and motifs. TRED homepage also provides the access to the GRNs of the TF families in human, mouse and rat, which were constructed from its collection of the interaction data between the TFs and their target genes.
